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Question 1 
A 360 litre pressurised tank is used to store 70𝑘𝑔 of 𝐶𝑂2(𝑔) at 62 ℃. Engineer A calculates the pressure in the 
tank by using the ideal gas approximation while engineer B prefers to use the Pitzer correlations for real gases. 
𝑃𝑐,𝐶𝑂2 = 73.83 𝑏𝑎𝑟, 𝑇𝑐,𝐶𝑂2 = 304.2𝐾, 𝜔𝐶𝑂2 = 0.224 
a) What are the pressure values calculated by both engineers?    (15 marks) 
b) Is engineer A putting the process and the staff at risk by using the ideal gas approximation? Support your 
answer base on the results obtained in part a.       (5 marks) 
20 marks 
Question 2 
The partial oxidation of methane at 600𝐾 is used for the production process of hydrogen (see reaction 1). 
Engineers discovered that benzene is present as part of the product of the process. They believe that the traces 














𝐻2𝑂   (reaction 2) 
Calculate the Gibbs free energy of reaction two and explain if the idea of the engineers is valid or not. 
Species 
∆𝐻𝑓,298.15 
(𝑘𝑐𝑎𝑙 𝑚𝑜𝑙⁄ ) 
∆𝑆𝑓,298.15 
(𝑐𝑎𝑙 𝑚𝑜𝑙 𝐾⁄ ) 
𝐶𝑃 
0 (𝑐𝑎𝑙 𝑚𝑜𝑙 𝐾⁄ ) 
𝐶6𝐻6(𝑔) 19.820 64.340 43.301 
𝐻2𝑂(𝑔) -57.796 45.110 7.907 
𝐶𝐻4(𝑔) -17.811 44.500 10.139 
𝑂2(𝑔) ---- 49.00 7.714 
30 marks 
Question 3 
A vapour-compression refrigeration system using CFC-12 (see thermodynamic data provided) rated at 5 tons is 
employed in a chemical manufacturing plant to maintain the temperature of an evaporator and condenser at 
−10℃ and 35℃ respectively. The isentropic efficiency of the compressor is reported to be 85%. Calculate: 
a) The Mass flow rate of the refrigerant        (5 marks) 
b) The power consumption of the compressor        (5 marks) 
c) The amount of heat rejected in the condenser       (5 marks) 
d) The difference in the COP between the vapour-compression cycle and the Carnot cycle  (5 marks) 
A rate of 1 ton for a compression refrigeration system is equivalent to 3.516 kW. 
20 marks 
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Question 4 
For a binary system, the excess Gibbs free energy of components 1 and 2 at 30℃ is given by 
𝐺𝐸
𝑅𝑇
= 0.625𝑥1𝑥2. If 
the vapour pressures of both components follow the equations below, calculate the composition of the 
azeotrope. 
𝐿𝑛𝑃1










𝑠𝑎𝑡 are the saturation pressures of component 1 and 2, respectively and 𝑇 is the temperature in 
K. 
Hint: if  
𝐺𝐸
𝑅𝑇
= 𝐴𝑥1𝑥2, then 𝐿𝑛(𝛾1) = 𝐴𝑥2




Oil is to be cooled from 425K to 340K at a rate of 5000
𝑘𝑔
ℎ⁄  in a parallel flow heat exchanger. Cooling water at a 
rate of 10000
𝑘𝑔
ℎ⁄  at 295K is available. The mean specific heats of the oil and the water are 2.5
𝑘𝐽
𝑘𝑔 𝐾⁄  and 
4.2 𝑘𝐽 𝑘𝑔 𝐾⁄ . Determine the total change in entropy. 
10 marks 
